Summary
Access to safe surgery should be considered as part of the basic human right for health, but unfortunately this ideal is far from being reached in many lowincome countries. Pulse oximetry is recommended as a minimum standard of monitoring by all anesthesia organizations that have set standards, yet around 78,000 operating theaters worldwide lack this essential monitor. The WHO Safe Surgery Saves Lives Program has identified evidence-based guidelines for safe surgery that are applicable in any setting, and the Global Pulse Oximetry
Program will help to improve access to pulse oximetry in countries where it is not available. However, these initiatives are just a start; capacity, infrastructure, trained healthcare providers and access to essential drugs and equipment for anesthesia and surgery need to become a public health priority in many lowincome countries. One of the primary challenges to improving outcomes from anesthesia and surgery is access to timely surgical care delivered by adequately trained and resourced healthcare providers. This should be recognized as part of the basic human right to health, but this ideal is far from being realized (6, 7) . Of the estimated 234 million surgical procedures that are performed each year, 74% procedures occur in high-and middle-healthcare expenditure countries (representing 30% of the world's population), 23% in low-healthcare expenditure countries (35% of the world's population) and 3.5% occur in poor-healthcare expenditure countries (35% of the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44 (8) . Africa suffers disproportionately, with 25% of the global burden of disease and only 2% of the global health workforce (9) .
F
A recent survey describes the situation for pediatric surgery in southwest Uganda (10) . The pediatric surgical rate was 3% of that seen in England, and most surgery related to emergency procedures for burns, trauma and infectious complications.
Presentation for elective surgery for congenital abnormalities was considerably delayed, and many emergency patients were referred from rural hospitals to regional hospitals for surgery due to lack of essential resources. Such patients are likely to present a significant challenge to both surgeon and anesthesia provider. The surgical workforce was 5% of that in England (no specialist pediatric surgeons); the specialist anesthesiology workforce 1% of that in England, and 20% of anesthesia providers had no formal training at all ('trained on job'). Essential supplies such as oxygen, basic airway equipment, electricity and running water were not always available and none of the hospitals in the region reached WHO standards for essential surgery. Although Uganda is used as an example, the shortfall in infrastructure, supplies, workforce and volume of surgical activity is typical of many low-and middle-income countries (11, 12, 13) . Anesthesia and surgical providers need the tools of their trade, and poor anesthesia outcomes described in these circumstances should not surprise us (4).
Placing complex patients in the hands of inadequately trained and poorly resourced anesthesia providers undergoing surgery with inexperienced clinicians would likely be associated with high mortality anywhere. So how do we improve the situation?
Limited health expenditure is the greatest barrier to improving the outcomes from programs. In addition improving the facilities for surgical care may have the added benefit of strengthening health systems for the delivery of primary care. These factors need to be addressed as a priority (7, 15) .
Although resources are the greatest barrier to safe care, there is much that can be done to make sure that existing resources are used efficiently, in particular by ensuring that care is planned and delivered by individuals who are working well as a team. The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Further evaluation of the impact of the checklist from national studies is awaited, but one of the principle effects appears to be improved communication and team working, as predicted from the earlier pilot work (20,21). Improved teamwork with team training has recently been shown to have a striking effect on surgical mortality (22) .
Improved teamwork may be of particular relevance in low-income countries where professional hierarchies remain significant. The surgeon may be the only qualified doctor on site, and on occasion, non-medical anesthetists may feel cajoled into providing anesthesia when they do not feel adequately trained or resourced to do so (23) . Improved teamwork and routine use of the checklist may raise the professional standing of surgical nursing, and support the use standard safety checks, for example patient identification bands, surgical marking and swab, needle and instrument counts.
It is essential that surgeons and anesthesiologists support the principles of the checklist to overcome the practical challenges to its introduction (24) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 During the development of the checklist, anesthesiologists from the expert group expressed the view that without universal pulse oximetry, the dramatic improvements in patient safety that followed the introduction of pulse oximetry into high-income countries in the mid-1980's would not be achieved in low-and middle-income counties, even with the use of the checklist (25) . Although it could be argued that other monitoring modalities such as capnography are just as important, the expert group took the view that given the simplicity and reliability of the technology, pulse oximetry should be made available anywhere where general anesthesia or sedation is administered and should be a greater priority than all other anesthesia monitors. There are 58 countries that have established national standards of anesthesia monitoring, and all include the use of oximetry (26) . Pulse oximetry has been included as a minimum level of monitoring for anesthesia in all settings internationally (27) . However, recent data suggests that around 78,000 operating theatres worldwide are not equipped with pulse oximeters, thus affecting surgical safety for millions of patients in middle-and low-income countries (26) .
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Following the publication of the Surgical Checklist, the WHO recognized the need to start a process to ensure the availability of pulse oximeters everywhere in the world where surgery is performed. This initiative is known as the Global Pulse Oximetry Project (25) . The current work has been informed by a project undertaken by the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There are also some major hurdles that must be addressed to improve the very high anesthesia mortality rates reported. Positive incentives are required to encourage trained providers to stay in-country, for instance development of postgraduate training programs, access to housing, salaries, and continuous professional development programs. International partnerships may be helpful in this context. Quality improvement initiatives can be successful in resourcepoor settings, but they require attention to basic infrastructure if improvements are to be maintained (29). Fewer than 30% of countries have a national blood transfusion service, and lack of blood for emergency surgery is a frequent problem (30). Essentials such as water, electricity, oxygen and basic airway equipment are often not available and emergency surgery may be delayed when patients have to buy antibiotics, sutures or surgical gloves (11, 31) . Safety Checklist and pulse oximetry should go a long way to improving surgical safety, but this is only the start of the journey. 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
